WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
A61M 5/32 



Al 



(11) International Publication Number: WO 00/30705 

(43) International Publication Date: 2 June 2000 (02.06.00) 



(21) International Application Number: PCT/DK99/00634 

(22) International Filing Date: 18 November 1999 (18.1 1.99) 



(30) Pr, ^ ty ]9 D 9 ^ : 1524 2 o November 1998 (20.11.98) DK 



(71) Applicant: NOVO NORDISK A/S [DK/DK]; Novo Alle, 
DK-2880 Bagsvard (DK). 

(72) Inventor: LARSEN, Andre; Skovengen 3, DK-2791 Drag0r 
(DK). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, 
UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS, 
MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: INJECTION NEEDLE 
(57) Abstract 

An injection needle unit for use on a syringe by patient administrated injections, 
comprising a hub fitting on the syringe which *ub carries a needle having a cross section 
diameter less than 0,320, the needle being made from a super elastic material defined 
as a material which can obtain recovered elongation of more than 2 % without having 
permanent deformation in the material. The injection needle can be forced away from 
its original linear shape and the force by which it seeks to return to this linear shape is 
used for automatic insertion of the needle. 
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[NJECIlONj NEEDLE 

The invention relates to injection needle units for use on a syringe by patient administrated 
injections. Such needle units comprises a hub fitting on a syringe and a needle mounted in 
5 the hub with pointed ends projecting from each end of the hub, a first end designed for 
penetrating the seal of a cartridge in a syringe and a second end designed for insertion into 
the skin of a patient to inject medicine from said cartridge. 

As many people has needle phobia which makes them reluctant to inject themselves it is at- 
10 tempted to develop needles which does not leave a pain experience which can amplify this 
needle phobia. 

Less pain by needle insertion is obtained by making the needles still thinner and shorter. 
Whereas a lower limit for the length of the needles limit is set by the fact that an injection 
15 needle must be long enough to penetrate the skin and to deliver the medication subcutane- 
ously, the limit for the thickness of the needle is set by the fact that a medicine shall be able 
to flow though the needle within an acceptable time and that the needle shall posses a me- 
chanical strength so that it does not brake or collapse when it is influenced by bending forces 
during the insertion and injection. 

20 

As it appears to be possibles make an insulin suspension and consequently other medica- 
ment solutions flow through needles as thin as G30 and even thinner, i.e. needles having 
outer diameters less than 0.320 mm and an inner diameter preferably larger than 0,13 mm, 
the mechanical strength sets the crucial limit for the thickness of a useable injection needle. 
25 Consequently standards are made which tell how far stainless steel injection needles for 
medical use are allowed to bend when influenced by defined forces. 

It is an .object of the invention to provide a needle having an outer diameter thinner than 
0.320 mm which will not be in danger of braking even when the limits set by ISO 9626 are 
30 exceeded. 

This is obtained by an injection needle unit for use on a syringe by patient administrated in- 
jections comprising a hub fitting on a syringe which hub carries a needle having a cross sec- 
tion diameter less than 0,320 mm and being mounted in the hub with pointed ends projecting 
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from each end of the hub a first end designed for penetrating the seal of a cartridge in a sy- 
ringe and a second end designed for insertion into the skin of a patient to inject medicine 
from said cartridge, wherein the needle according to the invention is made from an super 
elastic material which can obtain recovered elongation of more than 2% without having per- 
5 manent deformation in the material. This elastic deformation can also be defined through 
Hooke's law a = E x e, where a is the strain , E is the Elasticity Modulus (Young's Modulus or 
Secant Modulus) and e is the elongation, o and e will be proportional with constant E- 
modulus when having a fully elastic deformation phase. 

10 Such a super elastic behaviour will e.g. be beneficial during repetitive bending of the needle 
to angles exceeding the limits defined in ISO 9626, and needles made from such super 
elastic material can be bent at rather sharp angles without breaking or collapsing and will 
after it have been bent find back to its linear shape. 

15 According to the invention the needle may be made from a super elastic material from a 
special group of materials which in a given temperature interval change their crystal struc- 
ture. 



20 



25 



According to the invention the super elastic material used may be a NiTi alloy. 

Use of super elastic needles for syringes is known from Japanese Patentapplication No. 5- 
96004 which concerns injectors for analytical purpose designated as micro syringes and 
used to accurately measure small volumes of samples for injection into measuring instru- 
ments, some of which are capable of measuring a volume in the order of 0.1 microliters. 



The high form stability and stiffness of an NiTi alloy containing 50.2 to 52.0 at. % Ni is taken 
advantage of in a needle with a diameter of 0.5 mm which maintains its linear shape when 
the needle is inserted into a needle guide of the injection device on sample injection into the 
measuring instrument. It is important that the needle maintains its linear shape as the piston 
30 can be moved into the lumen of the needle. 

In needles for subcutaneous injections it is important that the needle is thin. Needles thinner 
than 0.320 mm are aimed at whereas it is less important if the needle is bent during the in- 
sertion if only it can be ensured that the needle do not break or collapse. This makes it at- 
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tractive to use an alloy with a higher Ni content as needles made from such an alloy are less 
stiff but very elastic so that large deformations can be tolerated without any risk for break- 
age. 

According to the invention an alloy containing at least 52 % Ni and consisting of the balance 
Ti and unavoidable impurities is found appropriate. 

The properties, inbreakability and elasticity, of the needle may be further enhanced by add- 
ing at least one further element at a content not higher than 4%. 

In excess of being practically unbreakable the Nffi needle in spite of its large Ni content has 
shown to have a better biocompatibility than has ordinary stainless steel for medical pur- 
poses. Further the torsion strength and the ultimate strength of a NiTi needle is appreciably 
higher than for a corresponding needle made from conventional stainless steel. 

Alternatively the needle may according to the invention be made from a curable or thermo- 
plastic polymer super elastic material. 

The needle hub may be of the kind comprising a sleeve with an internal thread, which sleeve 
forms the attachment means and can be screwed onto an outer thread on an attachment 
part of a syringe, and which hub has a basis carrying the sleeve and the needle. The needle 
is fixed in the basis with an injection part projecting from one side of said basis and a back 
needle projecting from the other side of the basis the back needle being surrounded by the 
sleeve which projects from the basis perpendicularly to said basis on the same side as the 
back needle. When the hub is screwed onto a pen the back needle may penetrate a rubber 
membrane which closes an ampoule in the pen. A medicine, e. g. Insulin, can now be ad- 
ministered from the ampoule through the needle. 

In an embodiment of the needle hub a needle guide may be provided which needle guide 
has an abutment surface by which it can abut the skin where the injection is going to be 
made, and a needle guide channel opening through said abutment surface. The needle 
which is movable relative to the abutment surface can be moved through the needle guide to 
make a sharpened end of the needle project from said surface. When the surface abuts the 
skin the needle will project through the skin into the underlying tissue. The needle guide may 
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hide the needle to the user and the abutment of the abutment surface may distract the user 
so that he hardly feels the sting when the needle is inserted. 

A small cavity may be provided in the abutment surface around the opening of the needle 
5 guide which may fit to the outer diameter of the needle so that air but hardly liquid can pass 
between the needle and the guide. The opening may be covered by a transparent cover 
plate which is frosted on its side facing the cavity. Before insertion of the needle its sharp 
end is positioned in the cavity beneath the cover plate. When a hub with a needle guide and 
with the above mentioned cavity covered with a frosted cover plate is mounted on a syringe 
10 it may be used as an air shot indicator. Air shots are made to ensure that air is driven out of 
the ampoule and the needle before attempt are made to inject medicine. To make an air shot 
a small dose is set and is pressed out through the needle the syringe being held with the in- 
jection part of the needle pointing vertically upward. This process is repeated until a thin jet 
of liquid is seen to leave the sharp end of the needle. When a needle with an air shot indi- 
15 cator of the above mentioned kind is used, air from the needle will pass away through the 
narrow gap between needle and needle guide. When liquid leaves the sharp end of the nee- 
dle the cavity will quickly be filled and wet and the frosted surface which will then change ap-. 
pearance to be more clear. When the needle is going to be inserted through the skin it is 
passed through the cover plate and into the skin. 



20 



25 



In another embodiment the cavity in which the sharp end of the needle is positioned and 
which is covered by a cover plate may contain a lubricant that makes the needle easier 
penetrate the skin, or the cavity may contain an anaesthetic to make the needle insertion 
totally painless. 



In still another embodiment the elasticity of the needle may be taken advantage of by pro- 
viding an enforced curved course of the injection part of the needle between the basis of the 
needle hub and the needle guide. With the enforced curved course the sharp point of the 
injection part is positioned immediately beneath the abutment surface which is held against 
30 the skin. When the needle is going to be inserted the enforcement is released and the nee- 
dle will due to its elasticity straighten itself an thereby move the sharp end through the skin. 
If t he needle itself does not posses the force needed for the straightening and insertion of 
the needle the straightening may be supported by a conventional spring element. 
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To ensure that the super elastic back needle do not deflect when the needle hub is mounted 
on a syringe where the super elastic needle shall penetrate the rubber membrane sealing a 
cartridge in the syringe a reinforcement of the back needle may be provided. 

5 The reinforcement of the back needle may comprise a plastic needle integral with the needle 
hub surrounding the back needle of the super elastic needle injection needle or it may be a 
conventional stainless steel needle mounted in the needle hub in continuation of the super 
elastic needle or surrounding the back needle of said needle. 

10 An embodiment of a needle unit may according to the invention comprise a needle hub com- 
prising a basis having a first and a second side, a sleeve projecting from the first side of the 
basis and forming attachment means by which the needle unit can be mounted onto an at- 
tachment part of a syringe, and a housing projecting from the second side of the basis in 
which housing a plug is axially displaceable, a needle fixed in the basis with a part forming a 

15 back needle projecting from the first side of the basis and being surrounded by the sleeve, 
and rest of the needle projecting from the second side of the basis and being surrounded by 
the housing, the needle further being fixed in the plug with an injection part projecting from a 
distal end of the plug and an intermediary part running between a proximal end of the plug 
and the second side of the basis. 

20 

When the plug is moved into the housing, the needle is forced to bend out from its linear 
shape. If the plug is released the needle will seek to return to its linear form whereby the 
plug and the injection needle part is moved in a distal direction. When the needle unit is held 
with its distal end against the skin where an injection is wanted, said movement in the distal 
25 direction will make the injection needle penetrate the skin and be ready for an injection of a 
medicine through the needle. 

To avoid sharp bending of the intermediary needle at the transition between this needle and 
the basis and the plug flared recesses may be provided around the needle in said basis and 
30 said plug at said transitions. These flared recesses will guide the needle to attain a curved 
shape without sharp bending when it is bent away from its linear shape. A similar guiding, 
flared recess may appropriately be provided at the transition between the plug and the injec- 
tion needle. 
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In the following the invention will be described in further details with references to the draw- 
ing, wherein 

Figure 1 shows a sectional view of a needle hub according to the invention, 

Figure 2 shows a perspective view of another embodiment of a needle hub accord- 

ing to the invention, 

Figure 3 shows a side view of the needle hub in figure 2. 

Figure 4 shows a sectional view along the line A-A in the needle hub in figure 3, 

Figure 5 shows the needle hub in figure 4 cocked for automatic needle insertion, 

Figure 6 shows the needle hub in figure 4 wherein the a helical spring provides 

some of the needle insertion force, and 

Figure 7 shows the needle hub in figure 6 cocked for automatic needle insertion. 

As in a conventional needle hub the needle hub with the needle according to the invention 
comprises a needle, a base 1 through which the needle extends centrally forming a back 
needle 2 projecting from one side of the base 1 and a front needle 3 projecting from the 
other side of the base, the needle-being fixed in the base either by a glue or by being em- 
bedded in the plastic material of the base, and a sleeve 4 depending from the perimeter of 
the base at the same side of this base as projects the back needle 2 which the sleeve sur- 
rounds concentrically. On its inner wall the sleeve is provided with a thread 5 by which the 
hub can be screwed onto a not shown injection syringe so that the back needle 2 pieces a 
closure of an ampoule in said syringe. 

The needle is made from a super elastic alloy and can consequently be bent in rather sharp 
curves as shown in the drawing without collapsing or breaking and will try to return to its 
original straight shape when the bending forces are removed. Such alloys are mainly NiTi 
alloys. 
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Relative to a conventional needle hub the hub shown in the drawing has an attachment with 
a bottom plate 6 through which the front needle 3 can pass with a very small play so that this 
bottom acts as a guide for the front needle 3 when said front needle is inserted through the 
skin. The bottom plate has an abutment surface 7 which is placed in contact with the skin 
5 where the injection is intended to take place and when the sharp tip of the front needle is 
passed through the bottom plate this tip is guided into the skin as the small play between 
needle and bottom plate does not allow the needle to bend out. 

A cavity 8 is provided in the abutment surface around the tip of the needle and the cavity is 
1 o covered by a cover plate 9. When the attachment is a closed construction the cover plate 9 
will act as a closure which ensures that the front needle can be kept in a sterile environment. 
The cavity 8 can be filled with a lubricant which makes the needle easy pass through the 
skin and/or an anaesthetic which makes the pain caused by the piercing not felt. 

15 Alternatively the cover plate can have a frosted surface facing the cavity. As long as the cav- 
ity is filled with air the cavity will be seen as a dim spot on the cover plate 9. When so-called 
air shots are made to make the syringe ready for injection, which is done by setting a dose 
and pressing the injection button of the syringe without inserting the needle trough the skin, 
the spot over the cavity will remain dim as long as only air is injected in the cavity. As soon 

20 as liquid and not air is pressed out through the needle the cavity 8 will quickly fill this cavity 
and make the frosted surface clear to indicate that the syringe is ready for injection. The 
cover plate can be removable or can simply be pierced by the needle when this needle is 
moved out through the bottom plat 6 and into the tissue of the patient. 

25 The insertion of the needle can be obtained by using a needle having a length making the 
straight needle project from the bottom plate 6 a distance corresponding to a conventional 
needle length, e. g. about 6 mm. A half circular curved is induced on the front needle 3 be- 
tween the hub base 1 and the needle guiding bottom plate 6 so that the tip of the needle is 
positioned behind the surface 7 in the cavity 8 and the needle is kept in this position by re- 

30 leasable means here illustrated as a block 1 0. The block 1 0 is held in position by a support 
11 provided with at least one.pin 12 which runs through the bottom plate 6 and in a distance 
from the abutment surface 7 of said bottom plate 6 is provided with a pad 13. When the 
abutment surface 7 is pressed against the skin the pad 13 will first hit the skin and be 
pressed into the hub and the support 1 1 will be pressed away from the block 10 which will 
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then be passed away by the needle which will due to its inherit spring force return to its 
straight shape. The needle will now project from the abutment surface 7 and into the skin of 
the patient. If the spring force of the needle is not sufficient to insert the needle this force can 
be supported by a stronger conventional spring here shown as a leaf spring 14 attached to 
5 the curved part of the needle. 

A common problem by thin needles is that the back needle is not sufficiently rigid to pene- 
trate the locking membrane of an ampoule without crumbling. To overcome this problem the 
back needle may be reinforced by a conventional steel needle 15 or by a plastic sheath 
10 which integral with the base material forms part of the embedding of the needle in the base. 

The curved part of the needle can have any appropriate curved shape and is not restricted to 
the half circular shape described, and also the releasable mechanism allowing the needle to 
retain is straight shape can be provided in any appropriate way without deviating from the 
15 scope of the invention. 

Figure 2 shows a perspective view of another embodiment of a needle with an automatic 
needle insertion mechanism. A sleeve 21 is provided with a not shown internal thread and 
can be screwed onto a socket on a syringe. By this mounting a back needle 22 penetrate a 
20 sealing of a cartridge in the syringe. The Back needle is a part of a needle which is fixed in a 
bottom 19 in the sleeve and runs all the way through a housing 23 to project from the oppo- 
site end of this housing as an injection needle 24. 

Fig 3 shows a side view of the needle unit of figure 2 and figure 4 shows a sectional side 
25 ■ view of the needle in figure 3 rotated 90° about its longitudinal axis. The needle 26 which 
connects the back needle 22 and the injection needle 24 and is integral with said back ne 
die 22 and injection needle 24 is at its proximal end fixed in the end wall 19 which is integral 
with the housing 23 and at its distal end fixed in a plug 27 which is displaceable in the longi- 
tudinal direction of the housing. 



30 



nee- 



As shown i figure 5, the plug 27 may be forced into the housing whereby the needle 26 is 
given a curved course through the housing 23. At the transitions between the needle 26 and 
the plug 27 and the needle 26 and the bottom 19, respectively a flared conical recess 28 and 
29, respectively, are made whereby the needle 26 is guides so that it is not bend in a sharp 
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angle at these transitions. A similar flared conical recess 30 is made around the injection 
needle to avoid sharp bending at the transition between the plug 27 and this injection needle 
24. When the plug 27 is pressed into the housing 23 the needle is forced to the position 
shown in figure 5 and the elasticity of the needle 26 will seek to return to its linear appear- 

5 ance and will press the plug 27 in a distal direction. Movement of the plug 27 may be 
blocked by insertion of a not shown pin under the plug 27 through an opening 25 in the 
housing 23 so that the plug is held in a position in which the whole injection needle 24 is hid- 
den in the housing 23. The distal end of the housing may now be pressed against the skin 
where an injection is wanted and when the. not shown pin is removed from the opening 25 

10 the needle 26 will due to its elasticity take up its linear shape and press the plug in the distal 
direction and thereby press the injection needle 24 through the skin ready for an injection. 

If the elasticity of the needle 26 is not sufficient to provide the force necessary to insert the 
injection needle. 24 through the skin the force provided by the needle itself it can be supple- 
15 mented by a conventional helical spring 31 as shown in figure 6 and 7 which shows sectional 
views corresponding to figure 4 and 5. 
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Claims 

1. An injection needle unit for. use on a syringe by patient administrated injections, compris- 
ing a hub fitting on the syringe which hub carries a needle having a cross section diameter 

5 less than 0,320 mm and being mounted in the hub with pointed ends projecting from each 
end of the hub a first end designed for penetrating the seal of a cartridge in a syringe and a 
second end designed for insertion into the skin of a patient to inject medicine from said car- 
tridge, characterised in that the needle is made from a super elastic material defined as a 
material which can obtain recovered elongation of more than 2% without having permanent 

10 deformation in the material. 

2. An injection needle unit according to claim 1, characterised in that the needle is made 
from a super elastic material which belongs to a special group of materials which in a given 
temperature interval change their crystal structure. 

15 - 

3. An injection needle unit according claim 2, characterised in that the super elastic material 

used is a NiTi alloy. 

4. An injection needle unit according claim 3, characterised in that the NiTi alloy contains at 
20 least 52 % Ni and consists of the balance Ti and unavoidable impurities. 

5. An injection needle unit according claim 3 or 4, characterised in that the NiTi alloy con- 
tains at least one further element at a content not higher than 4%. 

25 6. An injection needle unit according claim 1 characterised in that the needle is made from a 
curable or a thermoplastic material. 

7. Injection needle unit according to anyone of the preceding claims characterised in, that 
the needle hub comprises a basis, a sleeve with an internal thread, which sleeve forms at- 
30 tachment means and can be screwed onto an outer thread on an attachment part of a sy- 
ringe, and that the needle is fixed in the basis with an injection part projecting from one side 
of said basis and a back needle projecting from the other side of the basis, the back needle 
being sunounded by the sleeve which depends from the perimeter of the basis perpendicu- 
larly to said basis on the same side as the back needle. 
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8. Injection needle unit according to anyone of the preceding claims, characterised in that 
the hub has a needle guide comprising an abutment surface for abutment with the skin 
where the injection is going to be made, and a needle guide channel opening through said 

5 abutment surface through which needle guide channel the needle is movable relative to the 
abutment surface to make a sharpened end of the needle project from said surface. 

9. Injection needle unit according to claim 8 characterised in that a cavity is provided in 
the abutment surface around the opening of the needle guide channel which cavity is cov- 

10 ered by a cover plate sealed to the abutment surface. 

10. Injection needle unit according to claim 9, characterised in that a surface of the cover 
plate facing the cavity is frosted. 

15 11. Injection needle unit according to claim 9, characterised in that the cavity is filled with a 
lubricant. 

12. Injection needle unit according to claim 9 or 1 1 , characterised in that the cavity is 
filled with an anaesthetic. 

20 

13. Injection needle unit according to anyone of the claims 8 to 12, characterised in that 
means are provided enforcing a curved course of the needle between the basis of the nee- 
dle hub and the needle guide so that the sharp point of the needle is positioned immedi- 
ately beneath the abutment surface, and that release means are provided which removes 

25 said enforcement so that the needle due to its elasticity recovers a straight shape. 

14. Injection needle unit according to claim 12 characterised in that a conventional spring 
element is provided supporting the straightening of the needle. 

30 1 5. injection needle unit according to claim 14 characterised in that the conventional spring 
element is a leaf spring adjacent to the curved part of the needle. 

16. Injection needle unit according to anyone of the preceding claims, characterised in that 
a reinforcement of the back needle is provided. 
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17. Injection needle unit according to claim 16, characterised in that the reinforcement of 
the back needle comprises a plastic needle integral with the needle hub surrounding the 
back needle of the super elastic needle. 

5 

18. Injection needle unit according to claim 16, characterised in that the reinforcement of 
the back needle is a conventional stainless steel needle mounted in the needle hub. 

19. An Injection needle unit according to anyone of the claims 1-6 characterised in, that it 
10 comprises a needle hub comprising a basis having a first and a second side, a sleeve pro- 

jecting from the first side of the basis and forming attachment means by which it can be 
mounted onto an attachment part of a syringe, and a housing projecting from the second 
side of the basis in which housing a plug is axially displaceable, a needle fixed in the basis 
with a part forming a back needle projecting from the first side of the basis and being sur- 
15 rounded by the sleeve, and rest of the needle projecting from the second side of the basis 
and being surrounded by the housing, the needle further being fixed in the plug with an in- 
jection part projecting from a distal end of the plug and an intermediary part running between 
a proximal end of the plug and the second side of the basis. 

20 20. An injection needle unit according to claim 1 9, characterised in that a guiding flared re- 
cess is provided around the needle at the transition between the plug and the injection nee- 
dle. 



25 



30 
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Fig. 1 
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Fig. 3 Fig. 4 Fig. 5 



BNSDOCID: <WO 0030705A1J_> 



_ „ MAS PCT/DK99/00634 
WO 00/30705 



3/3 




Fig. 6 Fig. 7 
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